Interaction of Mtw1p with Centromeres in an Ndc10p-Dependent Manner
Mtw1p Is Essential for Cell Viability To identify the gene product, the budding yeast MTW1
To determine whether the MTW1 gene is essential for gene was tagged with 8Myc at the 3Ј terminus and intecell viability, a plasmid carrying the disrupted MTW1 grated into the chromosome of the S. cerevisiae wildgene was made and introduced into the chromosome type strain W303-1a. Immunoblotting of cell extracts of an S. cerevisiae diploid strain SP1/DC124 (Toda et from the integrated MTW1-Myc strain using anti-myc al., 1985), replacing one of the two native MTW1 genes antibodies produced the expected 53 kDa band (Figure by one step gene replacement (Rothstein, 1983) . Gene 1A, lane 2), whereas no band was detected in the control disruption in heterozygous diploid cells was verified by nonintegrated W303-1a strain (lane 1). The tagged PCR and Southern hybridization (data not shown). TetMtw1p was functional, as plasmids carrying the MTW1-rad dissection of spores derived from the heterozygous Myc gene conferred the ability to rescue gene disrupted diploids showed 2ϩ:2-segregation: all the viable spores mtw1 null cells (described below).
were Leu Ϫ at 22-36ЊC, showing that Mtw1p is required We examined whether Mtw1p was the centromerebound protein using the chromatin immunoprecipitation for viability. 
Temperature-Sensitive mtw1-1 Mutant Leads Cell division was temporally arrested at 36ЊC, and cells containing a single mitotic nucleus accumulated and to Unequal Chromosome Segregation Knowing that the fission yeast mis12-537 mutation is a their frequencies peaked at 66% after 2 hr (data not shown). The phenotypes of Mtw1p-depleted cells were G to E substitution at the 52nd position in the N-terminal region that is conserved between Mis12 and Mtw1p
also examined by the shut-off experiment using the GAL promoter, and phenotypes highly resembling that of ts (Goshima et al., 1999), we constructed an mtw1-1 mutant containing a corresponding substitution at the 64th mutant cells were observed by Mtw1p depletion (data not shown). This unequal segregation of chromosomes residue from Gly (GGA) to Glu (GAG). Plasmid pMTW1-1[trp] carrying the mutant gene G64E was used to reat 36ЊC was consistent with the instability of centromere-containing plasmids in mtw1-1 at the semirestricplace the native MTW1 gene by integration using TRP1 as a marker (Experimental Procedures). The resulting tive temperature, 30ЊC, by the colony color assay method (data not shown). mutant designated mtw1-1 was found to be temperature sensitive (ts) as mis12-537, and this ts phenotype could be rescued by transformation using pMTW1.
Expanded Metaphase Spindle in mtw1-1 The metaphase spindle of the fission yeast mis12-537 The phenotype of mtw1-1 was investigated in the synchronous culture using ␣ factor (10 g/ml) at 26ЊC for mutant was 60% longer than that of the wild-type (Goshima et al., 1999). To determine whether the metaphase 1 hr 40 min. Resulting G1-arrested mutant cells were shifted to 36ЊC and released after 20 min by washing spindle in mtw1-1 was also longer than normal, the double mutant mtw1-1 cdc16-1 was constructed and culout ␣ factor (time 0). Cells were collected at 20 min intervals, and cellular phenotypes as well as the DNA tured at 36ЊC. cdc16-1 is arrested in metaphase at the restrictive temperature. The size of the metaphase spincontent and cell viability were determined. Mutant cells underwent S phase around 40-60 min ( Figure 2A ) and dle was determined by the distance between the SPBs visualized by GFP-tagged Tub4p (␥-tubulin homolog lothen arrested with a large bud, short spindle, and a single nucleus in the neck for about 40 min (76%-88% calized at the SPBs throughout the cell cycle; e.g., Pereira and Schiebel, 1997) expressed in the single cdc16-1 from 100 to 140 min, shown in Figure 2B ). Cell viability started to decrease at 140 min in parallel with the apand the double mtw1-1 cdc16-1 mutant cultured at 36ЊC for 3 hr ( Figure 2E ). Cells were fixed and stained with pearance of cells with elongated spindles accompanying unequally segregated chromosomes (C and D).
DAPI. In the double mutants, the frequency of large budded cells with a single nucleus reached 80% while Mutant cells thus entered mitosis but temporally arrested with a short spindle followed by abnormal separathat in the single mutants was approximately 50%. In these cells, the distances between the SPBs were meation of sister chromatids. Examples of DAPI-stained mtw1-1 cells are shown in the left panel of (D). Unequal sured ( Figure 2F ). The average length of the mitotic spindle in mtw1-1 cdc16-1 was found to be 2.7 Ϯ 0.8 m, chromosome segregation along the spindle is also clearly seen at the late mitotic stage (180 min) in mtw1-1 while that of the single cdc16-1 mutant was 1.8 Ϯ 0.6 m. The spindle length therefore increased 50% in the cells stained by DAPI (DNA) and anti-tubulin antibody (TUB). Cells revealing aberrant segregation reached background of mtw1-1, consistent with the aberrantly expanded metaphase spindle in the fission yeast mutant 28%-34% after 160-180 min (B). In asynchronous cultures at 36ЊC, consistent phenotypes were observed. mis12-537. Figure 7B ). This localization of sister centromeres visualized in this study apparent discrepancy in localization patterns was solved ( Figure 5D ). Note that electron microscopy fails to reveal when we employed other strains containing LacO repeat kinetochore structures in budding yeast so that identifisequences that were integrated at positions much cation of kinetochore microtubules by electron microscloser to the centromeres than those used before (1.8-copy is not unambiguous. 
